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ABSTRACT 



An elastic, biodegradable plug has a proximal retainer and 
a distal retainer coupled by a waist The plug may be 
positioned to straddle a wound in a blood vessel wall of a 
patient and therefore close the wound to stop bleeding 
through the wound. To position the plug in the wound, an 
operator may insert the plug into a sleeve extending through 
the vessel wall into the vessel and move the plug through the 
sleeve with a positioning tool. In the sleeve, the distal and 
proximal retainers of the plug are compressed. As the distal 
retainer of the plug exits the distal end of the sleeve into the 
vessel, the distal retainer expands in the vessel such that a 
surface of the distal retainer faces an inner side of the vessel 
walL The positioning tool and the sleeve are then removed 
to position the waist in the wound of the vessel wall and 
allow the proximal retainer to expand such that a surface of 
the proximal retainer faces an outer side of the vessel wall. 

9 Claims, 3 Drawing Sheets 
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WOUND CLOSURE WITH PLUG and expands in the vessel. The method for one embodiment 

comprises the step of mating a positioning tool with a socket 

1 . Field of the Invention of the plug. The moving step for one embodiment comprises 
The present invention relates generally to the field of toe step of pushing the plug through the passageway of the 

medical surgery. More particularly, the present invention 5 sleeve with the positioning tool until a predetermined loca- 

relates to the field of Vessel incision or wound closure. tion of the positioning tool reaches a proximal end of the 

2. Background of the Invention sleeve. 

Some medical procedures require surgical access into the The positioning step for one embodiment comprises the 

vascular system of a patient through the wall of a blood step of removing the sleeve from the vessel wall such that 

vessel to accommodate a catheter sheath introducer. Medical 10 the proximal retainer expands. 

instruments such as guidewires, catheters, and balloon Another method for closing a wound in a wall of a vessel 

angioplasty devices are inserted into the vascular system comprises the steps of inserting a plug into a passageway of 

through the catheter sheath introducer to perform the medi- a sleeve having a distal end extending through the vessel 

cal procedure. wall into the vessel, moving the plug through the passage- 

The catheter sheath introducer leaves in the vessel wall way of the sleeve until a distal retainer of the plug exits the 

an incision or wound having a size corresponding to the distal end of the sleeve into the vessel, and positioning a 

outer diameter of the catheter sheath introducer at its distal waist of the plug in the wound of the vessel wall such that 

end. After completion of the medical procedure, the wound a surface of the distal retainer faces an inner side of the 

must be closed to stop bleeding from the vessel. Direct vessel wall and such that a surface of a proximal retainer of 

pressure may be applied to the wound to stop me bleeding. the plug faces an outer side of the vessel wall. 

The application of pressure to the wound, however, requires 20 The plug fof Qne gj^^^ ^^55 ^ elastic, bio- 

the dedication of time by medical personnel to assure the degradable material. The sleeve for one embodiment is a 

wound has closed and the bleeding has stopped. The con- catheter sheath introducer. The proximal retainer and the 

tinued application of pressure to the wound also undesirably distal retainer for one embodiment are each generally cir- 

restricts the flow of blood through the vessel and may lead cular j n shape, and the proximal retainer may have a 

to thrombosis for example. 25 diameter greater than that of the distal retainer. 

SUMMARY OF THE INVENTION The method for one embodiment comprises the step of 

mating a positioning tool with a socket of the plug. The 

A plug for closing a wound in a wall of a vessel comprises moving step for one embodiment comprises the step of 

a first retainer having a surface, a second retainer having a pushing the plug through the passageway of the sleeve with 

surface, and a waist The waist couples the first retainer and 30 the positioning tool until a predetermined location of the 

the second retainer such that the plug may be positioned to positioning tool reaches a proximal end of the sleeve, 

straddle the wound in the vessel wall with the waist posi- 

tioned in the wound of the vessel wall, with the surface of BRIEF DESCRIPTION OF THE DRAWINGS 

the first retainer facing one side of the vessel wall, and with xhe present invention is illustrated by way of example 

the surface of the second retainer facing an opposing side of 35 and not hmiiarion in the figures of the accompanying 

the vessel wall to close the wound in the vessel wall. drawings, in which like references indicate similar elements 

The plug for one embodiment comprises an elastic, bio- and in which: 

degradable material. The first retainer and the second hq. \ illustrates a cross-sectional side view of a plug for 

retainer for one ernbodiment are each generally circular in one embodiment of the present invention; 

shape and the fkst retainer may have a diameter greater than 40 FIG. 2 illustrates a proximal end view of the plug seen 

ft* of the second retainer The plug fo^ne embodiment approximately from the plane indicated by the line 2-2 of 

defines a socket extending through the first retainer into at p^Q j. 

least a portion of the waist for mating with a positioning tool ™* a mi a- a • * ^ , 

to position the plug in the wound of the vessel wall. \ 3 Jf d f" 1 5* ™7 K of *t 

\ , _i i? t • j . „ . , approximately from the plane indicated by the line 3 — 3 of 

A method for closing a wound in a wall of a vessel 45 j^q 1- 

comprises the steps of compressing a distal retainer of a Jrr** a -n . e .*s * 

wsiZi a! jjrfoi .127;™ J% *u Q FIG. 4 illustrates a side view of a positioning tool for one 

plug, msertog the distal retainer of the plug through the embo(HlIieilt of to invention^ 

wound of the vessel wall mto the vessel, and positioning a F , ' 

waist of the plug in the wound of the vessel wall such that HG - 5 mustrates a cross-sectional view of a sleeve having 

the plug straddles the wound in the vessel wall with the a distal end Ending through a vessel wall; 

distal retainer expanded in the vessel on an inner side of the 50 FKj- 6 illustrates a cross-sectional view of the sleeve of 

vessel wall and with a surface of a proximal retainer of the FIG. 5 with the positioning tool of FIG. 4 pushing the plug 

plug facing an outer side of the vessel wall. °f FIG. 1 through the sleeve; 

The plug for one embodiment comprises a biodegradable FIG. 7 illustrates a cross-sectional view of the sleeve with 

TTiatprial The proximal retainer and the distal retainer for the positioning tool pushing the plug through the distal end 

one embodiment are each generally circular in shape, and 55 of the sleeve; 

the proximal retainer may have a diameter greater than that FIG. 8 illustrates a cross-sectional view of the sleeve with 

of the distal retainer. a distal retainer of the plug in an expanded position at the 

The compressing step for one embodiment comprises the distal end of the sleeve; 

step of inserting the plug into a passageway of a sleeve such FIG. 9 illustrates a cross-sectional view of the sleeve with 

that the distal retainer and the proximal retainer are com- 60 the positioning tool pulling the expanded distal retainer of 

pressed in the passageway of the sleeve. The sleeve has a the plug toward the distal end of the sleeve; and 

distal end extending through the vessel wall in the vessel. fig. 10 illustrates a cross-sectional view of the plug 

The sleeve for one embodiment is a catheter sheath intro- positioned to close a wound of the vessel wall 
ducer. 

The inserting step for one embodunent comprises the step 65 DETAILED DESCRIPTION 

of moving the plug through the passageway of the sleeve FIGS. 1, 2, and 3 illustrate a plug 100. The plug 100 may 

such that the distal retainer exits the distal end of the sleeve be inserted, for example, to plug or close a wound or incision 
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in a wall 410 of a vessel 400 of a patient, as illustrated in 410 opposing the outer side 411. As the proximal retainer 

FIG. 10. For one embodiment, an operator may position the 110 and the distal retainer 120 are each larger in size than the 

plug 100 with a positioning tool 200, illustrated in FIG. 4, wound in the vessel wall 410, the proximal retainer 110 and 

by inserting the plug 100 into and moving the plug 100 the distal retainer 120 help prevent the plug 100 from 

through a sleeve 300 with the positioning tool 200 to close 5 moving through the wound to the inside of the vessel 400 or 

the wound, as illustrated in FIGS. 5, 6, 7, 8, 9, and 10. to the outside of the vessel 400, respectively. In this manner, 

As illustrated in FIGS. 1, 2, and 3, the plug 100 has a the plug 100 closes the wound and is secured in the wound 

proximal end 101 and a distal end 102. The plug 100 to help prevent bleedmg through the wound, 

comprises a proximal retainer 110 at the proximal end 101 T ° position the plug 100 in the wound of the vessel wall 

and a distal retainer 120 at the distal end 102. The plug 100 410 > the distal retainer 120 may be compressed and inserted 

also comprises a waist 130 coupled between the proximal 10 through the wound of the vessel wall 410. The waist 130 of 

retainer 110 and the distal retainer 120. For one the plug 100 may then be positioned in the wound of the 

embodiment, the plug 100 is formed as an integral body vessel wall 410, allowing the distal retainer 120 to expand 

defining the proximal retainer 110, the distal retainer 120, «* the vessel 400 on the inner side 412 of the vessel wall 410. 

and the waist 130. The plug 100 for one embodiment defines a socket 140 

The plug 100 may be formed from any suitable elastic or 15 configured to mate with the positioning tool 200 of FIG. 4 

resilient material. Preferably, the material for the plug 100 is to help position the plug 100 in the wound of the vessel wall 

biodegradable or capable of being absorbed by surrounding 410. The plug 100 defines the socket 140 with a mouth at the 

tissue when positioned in the patient The plug 100 for one proximal surface 111 of the proximal retainer 110. The 

embodiment may comprise a suitable radiopaque material socket 140 extends through the proximal retainer 110 toward 

viewable with an x-ray imaging system to monitor the plug 20 the distal end 102 into at least a portion of the waist 130. For 

100 as the plug 100 is positioned in the wound of the vessel °ae embodiment, the socket 140 is generally aligned along 

wall 410 and while the plug 100 remains in the patient me central axis of the plug 100 and is configured to form a 

The proximal retainer 110 has a proximal surface 111 ball-and-socket joint with the positioning tool 200. 

facing the proximal end 101 of the plug 100 and a distal The positioning tool 200 helps position the plug 100 in 

surface 112 facing the distal end 102 of the plug 100. The 25 dosin g the wound in the vessel wall 410. The positioning 

distal retainer 120 has a proximal surface 121 facing the tool 200 may be formed from any suitable material, such as 

proximal end 101 of the plug 100 and a distal surface 122 a high density (HD) polyethylene for example. The posi- 

facing the distal end 102 of the plug 100. The waist 130 tioning tool 200 for one embodiment may comprise a 

couples the distal surface 112 of the proximal retainer U0 suitable radiopaque material viewable with an x-ray imaging 

and the proximal surface 121 of the distal retainer 120 such ^ system to help monitor the positioning of the plug 100 in the 

that the distal surf ace 112 of the proximal retainer 110 faces wound of the vessel wall 410. 

the proximal surface 121 of the distal retainer 120. The As illustrated in FIG. 4, the positioning tool 200 has a 

proximal retainer 110, the distal retainer 120, and the waist proximal end 201 and a distal end 202. The positioning tool 

130 may have any suitable dimensions that may depend, for 200 comprises an elongate stem 210 extending from the 

example, on the dimensions of the vessel 400, the vessel proximal end 201 to the distal end 202 and comprises a knob 

wall 410, the wound in the vessel wall 410, and the sleeve 35 240 at the distal end 202. The knob 240 is configured to mate 

300, for example. with the socket 140 of the plug 100. 

For one embodiment the proximal retainer 110 and the The stem 210 may have any suitable dimensions and for 

distal retainer 120 are each generally circular in shape. The one embodiment has a diameter of approximately 0.062 

proximal retainer 110 may have any suitable diameter, such inch, for example, and a length of approximately 6 inches, 

as approximately 0.500 inch for example, and any suitable 40 for example, from the proximal end 201 to the distal end 

thickness, such as approximately 0.020 inch for example, 202. For one embodiment, the knob 240 is generally spheri- 

from the proximal surface 111 to the distal surface 112. The cal in shape and may have any suitable diameter, such as 

distal retainer 120 may have any suitable diameter, such as approximately 0.090 inch for example, 

approximately 0312 inch for example, and any suitable The positioning tool 200 for one embodiment also com- 

thickness, such as approximately 0.010 inch for example, 45 prises a cap 220 and a stop flange 230. The cap 220 is 

from the proximal surface 121 to the distal surface 122. For coupled to the stem 210 at the proximal end 201 of the 

one embodiment, the diameter of the proximal retainer 110 positioning tool 200. The stop flange 230 is coupled at a 

is greater than the diameter of the distal retainer 120. suitable position along the stem 210 and marks a predeter- 

The waist 130 for one embodiment is generally cylindri- mined location for the positioning tool 200. The position of 

cal in shape and couples the proximal retainer 110 with the 50 the stop flange 230 along the stem 210 may depend, for 

distal retainer 120 such that the proximal retainer 110, the example, on the length of the sleeve 300 of FIG. 5. The cap 

distal retainer 120, and the waist 130 are generally aligned 220 and the stop flange 230 may have any suitable dimen- 

along a central axis. The waist 130 may have any suitable sions and for one embodiment are each generally circular in 

diameter, such as approximately 0.125 inch for example, and shape. For another embodiment, the cap 220 and the stop 

any suitable thickness, such as approximately 0.080 inch for flange 230 are combined as one to form a stop flange 

example, from the distal surface 112 of the proximal retainer capping the stem 210 at the proximal end 201 of the 

110 to the proximal surface 121 of the distal retainer 120. positioning tool 200. 

The diameter of the waist 130 is preferably smaller than that As illustrated in FIGS. 5-10, the plug 100 may be inserted 

of the proximal retainer 110 and that of the distal retainer into and moved through the sleeve 300 with the positioning 

120. tool 200 to close the wound in the vessel wall 410. The 

As illustrated in FIG. 10, the waist 130 of the plug 100 60 sleeve 300, as illustrated in FIG. 5, has a proximal end 301 

couples the proximal retainer 110 and the distal retainer 120 and a distal end 302 extending through the vessel wall 410. 

such that the plug 100 may be positioned to straddle the The sleeve 300 defines a passageway 310 extending through 

wound in the vessel wall 410 with the waist 130 positioned the sleeve 300 from the proximal end 301 to the distal end 

in the wound of the vessel wall 410, with the distal surface 302. For one embodiment, the sleeve 300 is generally 

112 of the proximal retainer 110 facing an outer side 411 of 65 cylindrical in shape. 

the vessel wall 410, and with the proximal surface 121 of the The sleeve 300 for one embodiment is a catheter sheath 

distal retainer 120 facing an inner side 412 of the vessel wall introducer inserted through the vessel wall 410 to provide 
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access for instruments, such as guide wires, catheters, and 
balloon angioplasty devices for example, through the pas- 
sageway 310 into the vascular system of the patient to 
perform a desired medical procedure. Upon completion of 
the medical procedure, the plug 100 may be inserted into and 
moved through the sleeve 300 with the positioning tool 200 
to plug the wound in the vessel wall 410 resulting from the 
insertion of the catheter sheath introducer through the vessel 
wall 410. 

To insert the plug 100 through the sleeve 300, the knob 
240 of the positioning tool 200 is mated with the socket 140 
of the plug 100, and the distal end 102 of the plug 100 is 
inserted into the passageway 310 of the sleeve 300 such that 
the proximal retainer 110 and the distal retainer 120 are 
compressed by the passageway 310. As illustrated in FIG. 6, 
the passageway 310 bends the proximal retainer U0 and the 
distal retainer 120 back toward the proximal end 301 of the 
sleeve 300. In this compressed position, the distal retainer 
120 flexes outward against the inner walls of the passageway 
310, and the proximal retainer 110 may flex outward against 
at least a portion of the proximal surface 121 of the distal 20 
retainer 120. The plug 100 is pushed through the passage- 
way 310 with the positioning tool 200 in this compressed 
position toward the distal end 302. 

The plug 100 is moved through the passageway 310 until 
the distal retainer 120 exits the passageway 310 at the distal 25 
end 302, as illustrated in FIGS. 7 and 8. The operator may 
determine the distal retainer 120 has exited the distal end 
302 of the sleeve 300 when the r* edeterrrrined location of the 
positioning tool 200 marked by the stop flange 230 reaches 
the proximal end 301 of the sleeve 300. As illustrated in FIG. 
7, the stop flange 230 on the stem 210 of the positioning tool 
200 nears the proximal end 301 of the sleeve 300 as the 
distal retainer 120 exits the passageway 310. 

The stop flange 230 for one embodiment is wider man the 
passageway 310 so that the stop flange 230 abuts the 
proximal end 301 of the sleeve 300 and helps prevent the 
proximal retainer 110 from exiting the passageway 310 after 
the distal retainer 120 is pushed through the passageway 310 
and expands in the vessel 400, as illustrated in HG. 8. As the 
knob 240 continues to engage the socket 140 of the plug 100, 
the stop flange 230 helps prevent the operator from inad- 
vertently pushing the entire plug 100 into the vessel 400. 

As illustrated in FIG. 9, the plug 100 with the distal 
retainer 120 expanded at the distal end 302 of the sleeve 300 
is pulled back toward the proximal end301 of the sleeve 300 
with the positioning tool 200. With the proximal surface 121 
of the distal retainer 120 against the distal end 302 of the 
sleeve 300, the positioning tool 200 may be pulled to 
disengage the knob 240 from the socket 140 of the plug 100. 
The positioning tool 200 and the sleeve 300 may then be 
pulled and removed from the patient to position the plug 100 
in the wound of the vessel wall 410. As the proximal retainer 
110 expands upon removal of the sleeve 300, the plug 100 
is positioned to straddle the wound in the vessel wall 410 as 
illustrated in FIG. 10. 

The plug 100 may be left in place to close the wound once 
positioned in the vessel wall 410. Preferably, the plug 100 is 
formed from a biodegradable material so that the plug 100 
is absorbed by surrounding tissue, allowing the vessel wall 
410 itself to close the wound. As compared to the application 
of direct pressure to the wound, closure of the wound with 
the plug 100 helps minimize any restriction of blood flow 
through the vessel 400 as the distal retainer 120 occupies 
relatively minimal space in the vessel 400. Closure of the 
wound with the plug 100 therefore helps reduce the risk of 
bleeding complications, such as thrombosis for example. As 
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the plug 100 closes the wound with minimized blood flow 
restriction once positioned in the vessel wall 410, closure of 
the wound with the plug 100 also helps minimize the 
dedication of time by medical personnel otherwise required 
to apply pressure to the wound, wait for the wound to close 
through blood clotting, and monitor the patient for bleeding 
complications. 

In the foregoing description, the invention has been 
described with reference to specific exemplary embodiments 
thereof. It will, however, be evident that various modifica- 
tions and changes may be made thereto without departing 
from the broader spirit or scope of the present invention as 
defined in the appended claims. The specification and draw- 
ings are, accordingly, to be regarded in an illustrative rather 
than a restrictive sense. 
What is claimed is: 

1. A method for closing a wound in a wall of a vessel, 
comprising the steps of: 

a) mating a positioning tool with a plug comprising an 
elastic material; 

b) inserting the plug into a passageway of a sleeve such 
that a distal retainer of the plug is compressed in the 
passageway of the sleeve, the sleeve having a distal end 
extending through the vessel wall in the vessel; 

c) pushing the plug through the passageway of the sleeve 
with the positioning tool such that the distal retainer 
exits the distal end of the sleeve and expands in the 
vessel; and 

d) rwsitioning the plug in the wound of the vessel wall, 
wherein the positioning step (d) comprises the step of 
pulling the expanded distal retainer against the distal 
end of the sleeve with the positioning tool to disengage 
the positioning tool from the plug. 

2. The method of claim 1, wherein the positioning step (d) 
comprises the step of removing the sleeve from the vessel 
wall such that a proximal retainer of the plug expands to 
position the plug in the wound of the vessel wall with the 
distal retainer expanded in the vessel on an inner side of the 
vessel wall and with the proximal retainer expanded on an 
outer side of the vessel wall. 

3. The method of claim 2, wherein the plug comprises a 
waist coupling the distal retainer and the proximal retainer 
and wherein the plug is positioned to straddle the wound in 
the vessel wall with the waist positioned in the wound of the 
vessel wall, with a surface of the distal retainer facing the 
inner side of the vessel wall, and with a surface of the 
proximal retainer racing the outer side of the vessel walL 

4. The method of claim 3, wherein the proximal retainer 
and the distal retainer are each generally circular in shape. 

5. The method of claim 4, wherein the proximal retainer 
has a diameter greater than that of the distal retainer. 

6. The method of claim 1, wherein the pushing step (c) 
comprises the step of pushing the plug through the passage- 
way of the sleeve with the positioning tool until a predeter- 
mined location of the positioning tool reaches a proximal 
end of the sleeve. 

7. The method of claim 1, wherein the mating step (a) 
comprises the step of making a knob at a distal end of the 
positioning tool with a socket of the plug. 

8. The method of claim 1, wherein the sleeve is a catheter 
sheath introducer. 

9. The method of claim 1, wherein the plug comprises a 
biodegradable material. 
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